Tfe&teessi' of P^tfe0toglca? Coiiditioiis Chftratfeiised £>y &n 1 screwed Level 

This brvention rel ates: to the treatment of pathological ecamdione characterised 
by mi increased It-4 level aid to the nse of di^ctemn and. rhein in. sod* Ireahneni 
The invention, also relates to the treatment of pathological motions in which 
iiiflammatory cytokines, sue-h ^ in^rtexkm-l (IL-l ) and/or tumor neeresis theior 
(TNF--a) are present and to the use of dlacerein and rhei.e an their irateaf. More 
particularly the Invention relates to the use of diaeerein and rhem compounds, which 
am. relatively nomto^k, eiteehve by oral ingestion arid can he taken for long periods 
of U me in the dosage required without side affects, in the treatment of the aforesaid 
eondukms 

The invention specifically resides in a method for treatment . of pathological 
conditions characterised by an increased 11 - 1 and/or TNFm ieveh such as rheumatoid 
■arthritis* psoriatic arthritis, Wegener's disease, gramilooiatesi^ asthma, pulmonary 
emphysema* P&gef s disease, osteoporosis, hone metastases, and athemselerosiSv by 
administering an effective an mum of dmcerem ertheln The invention also 
comprehends the treatment of eeriab conditions or disorders associated with the 
process of formation and development of the various, types of blood cells and other 
termed elements by die hemopoietic tissues such as myeloma and myeloid leukemia. 

The p&ihologiesi conditions contemplated herein as benefiting ten treatment 
with diacerem or rhem broadly encompass die infiamntatory and autoimmune 
dfeeaaea, 

In an earlier filed, application, SN 09/663 528, filed September IS, 200CK 
assigned io the same entity aa the inatani application a method for treating 
osteoarthritis using di acemin.&$ the active agent, alone or in combination with a 
nonsteroidal Antiinflammatory drug (NSAIDh has been disclosed Speeibeahy, fet 
appiicMion disclosed thai al dm ugh the cause of osteoartlnibs is essenUajiy unknown, 
it is likely that both the donation and progression o f the disease in vol ve mechanical as 
well as biological events, resulting ki die progressive degradation of die caniiage 
matrix associated with variable degrees oFoai.eepbytoais, subchondral bone sclerosis 
and synovia! tissue site ratiom The osteoarthritis affects all components of the joint 
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Including hone, muscle^ tendons, fibrous capsule, synovial nicmhrane and ^tleufer 
cartilage. The cartilage destruciion is believed to arise ftmn an imbalance between 
eborabocytemontrohed anabolic and oatahofle processes, C'hondrocybS: as well as 
synoviocytes maintain carhtage bomeostasia and ar^. activated to. increase degradahon 
of the cartilage matrix by hiflamniatory cytokines, such as interleuknv 1 (IL-1 ) and 
tumor necrosis iaetor-o. (TNF-o) which are released from the macro phages. 
Chondrocytes from. oMeoartbritis patients have a greater number of ft- 1 receptors 
than eel Is bom healthy individuals, 

The pending application was, as already noted, directed to the method of 
creating osteoarthritis with diaeereha air anthraqamone having moderate 
antiin naninratory and analgesic acbvityyof the formula 1 




The inventors, in the course of their work with diacerein and osteoarthritis, 
also found that the mechanism of sciion of diacerein differ mom that of other drugs 
used for the treatment of osteoarthrrbs, such aa NSAIDs or eorueosteroids. Diacerein, 
and more specifically its active diaeetyb derivative theim k an IL-i inhibitor. The 
inventors demonstrated this in several studies in vitro and with ammai niodefe of 
osteoarbvritis. The inventors found that neither diacerein nor rhein inhibit 
prostaglandin biosynthesis. In tact no inhibitory effect was detected on the 
phospholipase, cyeloosygenaso or bpooxygenase pathways. This unique mechanism 
of action of diacerein was thought to explain, at least in pan, its efficacy in the 
symptomatic treatment of oateoarthriha. Fnrtbennore, the absence of inhibition of 
prostaglandin hi o syntheses was believed to explain the excellent gastric safety profile 
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of diaeemm during osieo*uthri lis treatment. 

The adrmmsiratkm of diaeemu:: or rhein in the treatment of osteoarthritis 
derived from the unique meehanisrn of action of diaeereun wherein diacer sin not only 
acted on the symptoms of the disease, inducing the shml-terrn benefit for the pmmi 
of treating the pain ami hmetiomd iotpaunmnh but in addition targeted the laiderlying 
pathologies, resuhing in. a longderm besmdeial effect Specfficady, using the 
pr&serihed treatment -protocol it was found that dkeerein had a significant effect on 
eardlege degradation and namely possessed activity for limiting the degradation of 
eardlage, and therefore for treating the course of die disease and Its symptoms 

The significance of the mechanism of action of diaeerein as an inhibitor of 11- 
1 m connection with curtilage m oateoardiruia suggested to the inventory, dm invemkm 
herein :: namely the use of dl&eerein and rhein in the trc&lmem of hrnarmnatory and 
autoimmune diseases including, without iinniadore chronic heart fed arc, psoriatic 
arthritis, Wegener's disease, gmnuto.mat.osis, endomeuiosis, asthma, Pagefs disease, 
osteoporosrs, bone uret astasia, atherosclerosis, and hematopoietic disorders such as 
myeloma and myeloid leukemia. 

The eytokines and Syrnphokines mediate the complex interactions Involved in 
honiond and,cellui&r immune responses, and participate in intlamniation and local 
regulatory fimehon, a notable example being the pwogenm action of 0 - 1 > which is 
mediated by the fbnnaifon of prostaglandins. Several of the cytokines also appear to 
play an essential role in orchestrating the inflammatory process, especially iruerleokin 
I <1"L4) and tumor neurosis factor (INFh Both IL-4 and TMF are derived from 
mononueicar cells and macrophages (as well as other cell types) and induce 
expression of mmmrooa genes to promote the synthesis of a variety of p:roteins that 
contribute to intlane-natory events. 0,-1 and I'Nh are considered principal mediators 
of biological responses to baeterial lipopoiy saccharides (endotoxins) and many other 
infections stimuli, ILd. end TNF appear to work in concert with, each other and with 
growth factors (snch as the granulocytednacmphage colony sthnntating factor, GMi 
GSF) and other cytokines, seed as IL4I and related ehemotaetie cytokines 
(ehenrokinesh winch can promote neutropil mfdtrahon and activation. 



II," J. compiises two distinct polypeptides (II- Let and il,-lp) that bind to ite? 
same rccc : pio.r ami produce similar biological responses. Plasma It- 1 levels am 
mereased in patients with certain inflammatory processes (e.g^ active rheumatoid 
arthritis). XLA can hind two types of receptors, an 80->kDa l'L-1 receptor type 1 ami a 
68-kDa: IL~1 receptor type 2, which are present on different types of cells, 

TNP, originally termed ■ ; eaclmebn ii because of its ability to pmduee & waging 
syndrome, is comprised of two closely related pro torn; mature TNF (TNF ) and 
lymphotoxin (TMFpX both of which are reeogti^ed by tho ;same eel! surface receptor. 
There are two iypes of TNF receptors, a ?5-kDa type 1 and a SSdcDa type 2 receptor 
for TNK 

II,-! and TN F produce many of the same proin Oarnmeaiory responses, which 
include induction of fever, sbep. and anorexia; mobih^ation and activation of 
polyn^orphom^ciear leukocytes; induction of cyeiooxygenase arid hpooxygenase 
onxym^s; increase in adhesion, molecule expression; acti vation of 8 - eel is, T eeUs and 
natural kil ler eelk and stimulation of piod^etioh of oilier cytokines. Other actions of 
these agents likely contribute to the fibrosis and tissue degeneration of the chronic 
proliferative phase of inilanunatiom stunnlahon of fibroblast prolithraboru induction 
of sollageuaseeand activation, of transcript on factors, suehas NFxB and AF- L 

The NSAIDs are efficacious in providing symptomatic relief to subjects being 
treated for infemniatory and autoinunune diseases of the type set out above, but all 
avai lable agents are associated with sometimes severe toxicity t hese agents have 
been highly useful tor treatment of acute, seifdhniied inllammetory conditions, 
hloweveu their ability to modify disease prngrcssion in chronic intlannnatory settings 
is not well documented and remains an area of continuing controversy. 

Advances in understanding the pathobiology of the intkemnatory process has 
suggested several novel approaches for development of drugs to block this process. 
These mekmeeCf) cytokine mhibuors (2) inhibitors of cell adhesion molecules, {3) 
phosnhotipase A ; * hshdntors, (4) inhibitors of lipooxygenase and leukotriene receptors, 
(5) isoihon speci Fe-inhifoitors of oycloos.ygenase, and now (6) diaecreim 
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Prior to the instant iTivtmlion, clh^eer^in and rb&ln were: not utilised to. modify 
the. production or action of "proindamotatory-' cytokines, such as dlw 1 TNF, IL-d and 
others,. 

An objective of the invention: was. to prp^kte a method of treatment mokiding 
the admkdstration of di&cerem. or rhein to patients suffering from the inJ^Hnmaioxy 
and amoimmane diseases, in which indanmiatory cytokines such as interteukin-I (II.-- 
1) and tumor necrosis iklor a (TNF-a) are present to mi increased degree* as a result 
of which administration their dtsease would be limned, interrupted, enter into 
remission or he eared, 

The over - or continued production of !L4 and INF leads to dehihtatioo of 
normal, host ftmedons. The reduction oflL4 and TKF synthesis or its effects is a. 
major objective of the invention, namely to provide a therapy for the many diseases in 
which. this condition exists. The agents fer reducing the synthesis and/or for 
antagon^iog the effects of iL~l and TNF proposed herein are diacerein and rhehr The 
ability of dieae agents to block the elects of the cytokines has reduced the severity of 
the dkeases In which an elevated production of cytokines (ll.fi and INF) arc present, 
panicularly inflammatory or autominiune diseases, end where the cytokine production 
is .from neoplastic and leukemic cells. 

In accordance with the mventiom it was found i'hat the adoiinistratbn of 
diaeerem has an inmhuory effect on IL-T and T&Fna leveb in subjects having 
pafeoiogiea) conditions in which the levels of IL-d and TNF-a are ahn.orma.0y 
elevated or increased. 

Pathological conditions characterised by an abaoroiady increased IL-d, and/or 
TN F-n. ! e vol s I nc hide : 

1 ) abnormal T and B lymphocyte aedvatkm, neetrophdia, neutrophil tissue 
hdihratiom as wed aa increased lymphokine gene and receptor expression: 

the myeloproliferative syndromes: ieukemias, lymphomas, myeloma and 

others. 
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2) endothehai call activation, 

the pathology of the rmcrockeuktiore thrombosis, atherosclerosis Horto&% 
arteritis and others. 



3) eosinophil degranmatlon: 

fee hvperhrnmme reactions allergy, asthma aid others, 

4) increased expression of adhesion oioleeeles; 
[a le oho lie cirrhosis chronic hepntiiis B| 

5) eyelooxygeaaxe gene expression; 
rh eunmto id arthri lis 

6) symhe*as of eohagersases and eollagens; 

the hereditary, congenital and acquired diseases of collagen, 

7) osl^obiast activation: 

the diseases of the skeleton; osteoporosis, Pagefs. osteoarthritis and others. 

B) mikmmtim-y bowel disease; 
Crohn's; disease, 

9) hematopoietic- disorders; 

myeloom and myefoki leu ken da and others 

1.0) acme respiratory syndrome; 

asthma, pulmonary ernphysetna and others. 

The treatment method of the invention is advamageouslv used in treating 
diseases such as rheumatoid. arthritis, juvenile rheumatoid arthritis, ebrorne heart 
failu.ro, psoriatic arthritis, psoriasis, osteoarthritis Wegener's disease, grantdomatosis, 
endometriosis, bone metastases, aiherosekrosis asthma, Pagei's disease, osteoporosis, 
myeloma arid myeloid leukemia. It 'has been found thai the a4m mis trati on. of effeedve 
amoun ts of diaeerem is able to reduce signs and symptoms of these conditions and, 
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mo$i sig^i8oantly> delay airucruml and other tissue damage and abnormalities in 
patients and uubhu the progression or comae oi the disease 

Diacerein and .rfiem am known compounds and can he prepared by the 
processes described in LLS Patent Nes. 6,057,461 ami 5,948,924, and these patents are 
incorporated herein in their entirety by reference for die purpose of providing 
preferred methods o f p rod u ci ng diaeereim 

The diacerein as pmdueed by those processes can he further purified to yield a 
product of the highest pharmaceutical usable purity using the process described in 
U.S. Patent No* 5 > ?56,7B2 > and there fore das patent is incorporated herein in its 
entirely by reference into this document. 

As a general guide to required daily doses, the dosage of diaeerxhn used b 
between about 25 mg and about SCO rug, depending on various factors, such as the 
type of disease, the parent's state and the like and is not de)madeot on body weight of 
the patient, at least in adults. 

Ii i?3 net convenient to use dhscerein in aqueous solution,, because h may net he 
sufficiently stable in water, Diacerein is virtually msoluble in wearer and m alcohol, 
this leek of solubilhy having to he taken into consideration in its administration.- 
Preferably the diacerein or rhein is admini^tas^ed orally in the conventional so lid unit 
dosage foim 

The solid pharmaceutical compos iiiou may be in a pharmaceutical dosage 
fbtnv which may desrrahly contain between 10 mg and 300 nig, preferably between 
25 mg and 100 mg> of the diacerein or rhein. I'he phannaceadcal dosage form, may 
conveniently be a tablet or nil! or a capsule. Such compositions are prepared by 
conventional lechruqucs, well known ar the pharmaeen deaf art as reported e.g., in 
Mmmgtm'x Pharmacemimi Seieme, 1.8th Ed., 1990, 

The phannaoeetical composition may contain fillers or exelpients, for example 
lactose, manodol, sucrose, calcium sulphate, calcium phosphate andonicroery^talliue, 
eehtdose; binders, tor example tragaeuMh, acacia, starch and methykeduiose; 



diskitegmot<e for exan^ple cam starch and &lgmk aeidj. or h^rieanis, for sximipie 
Bieane ackl wd steams ^k! talc. Capsules are often of hard gelatin , 

A parbeularly preferred pbarmamdkal composition for 00! admirhsiration is 
described in US, }*$Xmi Mo. 1,952383. This composition comprises the diaeerem, a 
liquid support od. a suspension agent, a homogenizing agenh a suriaelani and one or 
more plmrmaceutioally acceptabf e e^p^dionts or supports. These compositions are 
advamageously filled into sod or bant e&psiites* eomainmg, for example, between 
a bom 20 mg and about 200 mg, preferably 50 mg of active principle per and. 

Another preferred phannaeeutkal composition for oral adminisimbon is 
tombed in U,S. patent application 09/125,514, iasued to US. Pat. No. This 
composidon is made by comieronlmdon of the them or diaeerem mik sodium, lamy!. 
sulfate, the eomicroniaed product io trim being fonmdated in various eon vend o.h&I 
application forms. 

'The eotirety of the disclosures of these test two patents are inoorpomted herein 
by reference. 
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